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(57) [gt»5)l! 






1 

-Ti, m^m 1 icmm.<D^m^mm^o 

g, Cu. AU Ni. Zn. T i RXy^C T f)^htii^n 
I 0 O O 1 ] i 30 

10 0 0 2] : 

WMiil.^ 0 o 0'Ce^oii!ti.:/nir;=^^^ 40 

[0 0 0 31 ^Mm-^m.tmm.\^f:im^. ^m,t^m 

5. ^J;ttf. ^j^'t'liF e"/F e'\, F e (CN), 
*-/Fe (CN) r/U. Br-/Br\ 50 
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[0 0 0 41 rcofl:ffi:^gH^SrfiJfflLT«iBf^ilSrLJ;9 

[0 0 0 51 wm5mmcitWkW&^wt\^X'^mws. 

[0006] 3fee«*Sr:*:# < -T-S fcJe)t3tt, QM\^ 

[0 0 0 71 L75-L/j;;45P>, mcMymW.<r>m\\Ltit'^^ 
•irs/^troVNTIi. — K^^e^^ -/:/;js 3 . oeV 

3. O e Vjewi|£gf«:*Sfij^$tl-CV^5*s, 3*«<Olf- 

i5';4S2. 5 e Vf+i£(-$,5;*:^)t=S:^^J;<Ki(xi-5tC 

[00081 *tif5(7?i ? ir, m.^-x^mmx'^mM.Wk^ 
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10 0 0 9] ^^5^<Dm^±mmmtm^£^i:^^(i. % 

10 0 1 0] fe^ti<g*^«?tili*3t-&^tg§S^ttTi: 

looi u z<oj^^\z. ^mmm±mmmi-i. ^-^^ 

3teSr®il5l-t-5JiS:Ji:<-f-ir»iKi|5i 

mmmicmtxt-i. ^«{*:«ai^«^&aA-e#swji 

[0 0 121 b/J^tls()fi$ixfc^^rtro||^;js^^e<J{C 30 
[0 0 13] rcDifetcBaUT, SSJfcKI^S: LfcOWu 

^i:»cj;t),: i^mmj!>im^co^mm<D 1 om&f>±izfj:o 

<D$im\z^\,'>tiify t LTV^So 
[0 0 14] U;5^b7'i;«5P>, iit^flrJC«^-S:*gbtraA 

x^titLxhBm^f^\zh^m^\-i. ^m(Dmmm^ 

[0015]: -!iA±<7><t 5 li. mjti<o^mmmxmmm<D 
:k^ti:mm^tLx. ^mi^»m\zi^mxiBf^$titcm so 



[0 0 16] t*oT. :iWj;5''^««iSr;flV^yc#-^. 

[0017] ^U5'5'a./u4SEW:, CKOiaJtSaSrWait 

B. Oregan, M. Gratzel, Nature, 353, 737(1991)^tJ«4tM¥ 
1-2203 8 0^^«#Rg) , . ^yUiSfeJj: J; 5 - 

5 0%fS<!f-efct). #Pl-{rii5V^rtSB«ffiWSr*-r-5-:^y 
»*ffia<^#J-g-) 14)^7 2 otrt-iSt-So r:<D*ffiiS:38l 

M^«)tc:fi-©-t-s . mm&m<Dmm-i i . 2x10-' 

mo l/cmMdiSb, m\Z^ Mc±miiSL^MX^M^<0 
[0 0 18] '<O^^U5'2/3./u.-fe-/u^rt>l¥li*x-5tfL 

J: < KHX U*^oij£.g|**:^(^®^aAaft7JJ^ b < iil ^iS 

[0019] u 5^ ^/u (i ^mmm±mmm(Dtz. 

g3\z\f:^ ( If If y 5^/1.) Ru(II)«i{*:=^§B^Lfc« ^(^ 
Ru^^ii— )es;->>^-x2 if>^ (2. 2' -trtrj;':? 

4' -v^^/l'TXdrv'U— h) Ru(II)(^«5t4- 
i^o, XliC 1 -, CN-, SCN--C*>5<, mt>{r 

mmz^x.^x^m^tam'^ttiintih.it^ 

'>^- (i^^y'>T^— h) -tf;^ (2, 2' -t-fy 

i^/W— 4. 4' -•:^;&/U7j?dr->U- Ru(II){i.± 

[0 0 2 0] T.<D^mmmm<r>-^^%m\±. -^m^h 

^'^f^m\-i^mnT i^:ti^\zmmE.^\.x. ^m^m, 
Mtmit'f-^:y(r)m\zmmtm^tbmfA^mm.\.x\.^ 

:^(o^m^^(om^mx*^ 1 i:'=^fj>uT<Dmii>xm\^'M 
«T-)ert». 't<om:fD\^(nmt^fitz^^mmmizx^ 



( 4 ) 
5 

t 0 0 2 1 1 la 7 iitt!^<DB. Oregan, M. Gratzel, Natur 

e, 353, 737 (1991) izfs,m^ivx\,^^^mmm±mmm<o 

■§■7 1 J4;{f7;^X«Sr. ^?-^7 2li;</7^S«7 1 WT 
i 5 ''iSW^m^zJS^i > hiv^o n^- 7 3 life^SrfiJ^ 

v^^^mi^m/t^i-o ^mi^m ? s »*«t@*jfi»f 5 o n 

■f-o CWP t^l*:^7^^7 7 J;<^SBJ«miB7 6W 
[ 0 O 2 2 J -hfE*S^*:'e>;'i5fe3ilti^;tC^«M»4WT 

[002 3] ^mmmi^WimM-r;\-x^ mmmw^i^h^ 

[0 0 2 41 LtS^L. WlEC0;^j!fe-C-«. ^^jg^tciJDxS 
[0 0 2 5] »mS^gB(oei7Ca^^M;«$-t±5iVN9 
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Au, Ft. Ag. Cu. 

AU Ni. Zn. T i^tKC r;5^?>/£-5ai/4»?>S«n 

7J^U/i*se>. l2i7 0«jE!S;{c*3i,>T. *««*iSrcm*-r- 
wSPJ3>®©d»?>Au, Ft. Ag, Cu. AK N 

i. Zn. T i'RXJC T f}^hfi^m>^hm\iirL^'p-ti< 



[0 0 2 6] 
[0 0 2 71 

[002 81 ^^m(^^m^^m^X'it. mmmmt l 
iztsifhitttzmmn^ifrvx. mmmm<DmMKmmt^ 
m-r^ztTiiX'^^o 

[0 0 2 91 

<^iftm^mm^<o—mi!:-:>^^xM.i^mzvLm-r^o mi 
tii^%^<otf(:mmm^'=f<D-m<r)nmmmmx'h^o m 

^$^^TV^5J:9lr. ^^v^<o^m^mm^Hzi3\,^x 
14. ^SiattC>iS?^/iS;K2C0— :^Oig±(cfelilfei^ii£: 
^flJ.^3;45iaia:$nTV^5, rcOfe*fe«f^^^Ji3<D 
i&^^mz^llMWMM4iimWt^HXV^?,, T^m&iR 

2 3 1 mmmm 4 <??iEiaj(s^;6Sis» 

m(oytm^mm^t^mmc^m-t^. m:^(omm7t± 
±.izi(tmmtf£^mmm8 tp tm9mi^^ivx\,^ 

(0 0 3 01 *«®««OS^ffi#JICJtSa^^o#Sr^(t 
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fcmm<D^m^^m^it^mw-i o-i i 2 3 3 7*^^ 

«(rfS«c$H-CV^-5o fc/cL. ^m^l O-l 12 3 3 

7-§-4ijsicfE«$it/c3fe«3cm*^<^«jgT-ii. «ma 
TI4. Mmm.mi^Rkfm(o^^\,^ipfn^m\>^^z tx. 

^mmmm 9 felt fc*Of?*i)ffl SrfT 5 r t t?# , 

Kstt^js (fisj^wre^, ffi, Tyw§=it?A. 

[0 0 3 2] |*^§qW3fe«^^^^^ 1 S^I^Sj^ 

Tife^li^iJ X. . RuU (Hi 0) t ^ -^(D/v^r —fJ^-^yy^ 
-v'r^r-t^fc-y i^/i^*irx»4/i'x-^>i^- k y ;^(r 
uL,). /Ut"— >A-fcf;^(RuL,), = h i;;^(o 

l^t^mfhiM^, *«l6lfetLTtt, 9-7a.=/^d^^^^i^ 

1 0-»~l O-'mo l/'cm'0$6iaJ:ifcn«i<, # 
JwO. 1~9. OX 1 O-'mo l/cra';5S»*LV\ 

[00 3 3] ^"mv^m^Wrm-^m^t uxi*. c d . 

Zn. In. Pb.Mo, Sb. Bi. Cu. H 
g, Ti, Ag.Mn, Fe, V, Sn. Zr. Sr. 
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G a . Si. C r (D^WLm. S r T i O, . C a T i O, 
(Diibti^xi^T.^^ V. *fcl4. CdS. ZnS. I 
n, Sj, P b S. Moi S. WSt. S bt S,. B i 
»S,. ZnCdSt. Cut SC0g£-fb#I. CdSe. In 
tSe,. WSe,. HgS. PbSe. C d T e (7?^JR 
:fy,Vzi^-r'i K. ^rWteG aAs. Si. Se. Cd, 
Pj. Zn,P,. InP. AgBr. Pbli. Hg 

It. Hi \itm%\^\\ *fc{4. ^vt^^m^hmt 

n5'>*< t t>-«W±Sr^tP«'&«E. mvLXi. C d S 
10 /T i Oi. C d S/Ag I . Agt S/Ag I . C d S 
/ZnO. CdS/HgS. CdS/PbS. Z n O/ 
ZnS. ZnOXZnSe. CdS/HgS. C d S. 
/CdSe,... CdS,/Te,... CdSe,/Te 
1-,. ZnS/CdSe. ZnSe/CdSe. CdS 
/ZnS. TiOt/Cd,Pt. CdS/CdSeCd, 
Zn,-,S. CdS/HgS/'CdS;4S^if*UV^o ifJ-e 

10 0 3 4] fe^afif if ^#:Ji3Off:$tt0. 1~10 
0 0//mCD|6H<Dl?$-efcti,liJ:v^o ■fe*te«F^^ft:^3 

[0 0 3 5] 1 {rdo»t-5ll«?KS 

5(4. mm'^-k^mz.mu^^^z.h\zi.K)'^^^i\,^ 

WI40IJ 7L . ^^bft: 3§5Efli:7)» 5> -5 — *r<^SS?'ffiil7E^ 
5 ^w•&^^^-CV^^^^i. #{c:|5B^$n7S^,^ 

«t»4. ^■fkalTcS^&f-fcv-'-c. nraSSfi*)}::^^^^^!:^!^!! 

y r>A-r^>'(iii)-<5' y 7K«-r;*-v(i 

I) -7tcffi'< I^i'd) . yUT^n:. 1? ^>'(III) -/U7'= 5^ 

(III) -i^-Y , /<±'J^^K4 ^>-(llI) v5 

!j'Aw';^-V(II). 

■fk-^i^i: Lri4. 3 ^'-fty 5"!?^. 3 fi'^k* y r^A^(^ 

t:°y i/r^^J/AH — K^W3 ■?'fk4^TV^::^>i7Ait-fk 
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[0 0 3 61 mmm:mm-r^rz)^\zm.m^it^mm 

^—h^ a^^u:^*— T'afcfu^';*— jK^^w- 
v?a:.f^yWi-^7^/K 1, 2 - v?P< H ^->3icJ' 1, 3 
h7fc 7^:^^031—7^ /Ht-g-!^^ 3— ^^yu— 

Ht-B-^. 3'-p<5"/^-2-3^:3s^■y->'v'y y V. 2-y 

^/Ulfny K^^<^«3g*-ft:-^i^. T-feh=KyyK p< 
h =Sf->r-fe N=i h y v^w, T'o If ^= fs y h y 

I O O 3 7 J :^?Bm(r)^m^mm^ 1 t;i*3V^TWHFLAfl: 
«*i4Jcffll>S«^^^|i, Au, Pt, Ag, Cu, A 
K Ni. Zn, T iSOfC r*^b^S«IA»P>jltfn5 

5'S^a*i®1«i<^e<D!|t$;4S2 0^ S''>3.;4:>t>5 O O 

5 o 0 '>^m<om^^ mMwmm'pic-^^iv^bm^t 
ffiw@coiia$yiS2 0p<ry->rL*iawj^-g-. ^mmzmx 40 

10 0 3 8 1 *7L*S«1S4 <^1Sit(i. mi^C0Kii7LS: 
its J: 9 '5J*IB|ft^^t<om®«-SrilS B m^Si^i VtzmB^tkM 

100 3 9j 02st5ig3fr^$n5J;5?i*?L«m« so 
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(00401 'tis, *7L«m««4 ;5S P t ;J»P)?l^^$n 

mi^mx'm^^tA^i:.^mtfj:h. rwi^j'irie^xDjt 
««c«ffli«z>s^, T i c liTkmm^comm. mm^ v 

[004 11 wfBw J; 9 mn-mmm&A ft^n^mMm 

mintm\^mux'm^^)^.x^,^^m^. mn'^m.wm 

ih-t-Sfc«>Jr, *7L^^S«i4«:i|£^*(:|$)g|-e«ffi-f-5 

[00421 W7L*m«@4 <0*ffi^^^<$::g^^-e^S 

[0 0 4 31 *?L»««^4trj;5.SfetS^S:/h$<-r 
S)t«>. *7L*«;®ffi4<D^3a«talitev^^iv\ 

fk'^w&A<D^mwim.5 0 Q/uuTxh^z. turn 

* bV \ 3 0 Q /DlilTcO^ffiefetffl/iS-g^f s bV ^ 

ia^fO. 1 Q/0-C*>5, 
[00 4 41 

[004 51 HJfi^iJ 1 
S;m-&Jt=2 0/1) (B*T3in 
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•:yM±m. P 2 5 , W-i^t&^ 2 0 n m) ^m&lf^ 2wt% 
$/}S2 0 Op< y v'a.crjPS^^P t A«flmSr«eL. ^ 

^m^m.mi:.tcm. 5 0 O'er- 3 o^m^n'px'j^^L 

g/L. 2g/L=Sr^tf7K(r»jKL2 S-CT-a 10 

>'t^^if9^m^i: tiiiz, [Ru(4,4' -v';&yUsJ?:ar-> 
/U-2,2' -lft*y v'>').-(NCS),] T-«$iX^iS^#.3il^ 

[004 elisfjlEoi pjrLT#fc^g:l^p t»®m<g 

^•.ttcij; iJitihbfc, *ffl;Mt U-CfiP t 5:2 Onmjp: 
^JwjsfeJKLfcff^ lmmO*«t4;i^7;=^S« (F-Sn 

Ot. ioQ>sq. jfifs^ss) srfflv^fc. mmKmm 

(O. 4 6M) t3<>m (O. 6M) ^^tf3^f^U->';* 

8 0/2 O) ;s^fflv^fc, ^l5<OJ:5^:lL-C^&e>i^fc6m 

*:Kfl:?&{^=¥1r/ i/9>'7'S:ffiV^4 5 OW/m'(DflSfe 

[ O 0 4 7 J J^Mlfiaj 2 

fiS-§-Jt=2,0/l) ^'icmit'^^'^m.^ (B:^T^o 
p:2 5. ¥*&«i:S2 Onm) 2wt% 

—i&^m^ imm(D:if7 :^mm±iz^ msX'^^ih^m 
^^<om$ 2 o nm(Di&^^<op tmmmm^(D-&±±A^ 

f)»^b, »*lBiSrl£)»L. 5 O O'C-CS O^^llBS^tf 

t?jK^L-. ^-ft^^V-M^iJ^S^^P t^««1®(7)*&^rt 40 

Mro^Sf ffitt, ^ii)g5-ft:^^ v-telSlTSr® LT*5V^fc. 
^o:>mit^^l^W^\-i.. *&^^P t A««;gSr7>'W':^n 
f^i^'^rv^^^'^ 2. Og/L, •^'^m.l. 2g/'L^ 

ic, [Ru(4,4' -v':*yU/Kdf -Vyi— 2, 2' -t' t° y v'i^),- 

(Ncs)»] x'^^ix^m^^m^m^\zT^m\.. so'c-e 
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10 0 4 8] MfE<^<t 5 b-c#fc*&T-4^p t ^mnm 

ih*ti:f;iJ: •JJtlhbfc. LTliP t Sr2 0 nm 

ff$^^Lfcff ^ 1 mmC0iia;tt;tf7:^S« (F-Sn 
Ot. lOQ/sq, te^iB^^iS^) Sr^v^fc. m^PK^iS 

(0. 4 6M) .1:3^7^ (0. 6M) Sr^tf^i^ 
8 0/2 0) S:fflv>fc. SfrfB<7)J: 5J::b-C#fciX3tfe^ 

^ift^^Ji7. 4%T'fco;to 

[0049] mmm 3 

2. 0g/LStJ«*;^>^l . 2g/LS:-g-tf7KI-§itL. 

5 o ot:-e3 03)-w^»tfi-ej^jEjg 

8 Ot:T?jSoftSrm^7'£;iSf>fe^K«*0.aSrfTofc„ 

[0050] wiE<75 i 5 Jw b-c#fc*&^p:yt p t mmwrn 
^«fE«i3g^srffifiKbfc, /j:*5. mimmm±. 

itih«-i:t::J;»)*J-Jtbfc„ M««Bi: bTliP t 2 0 n 

mm^^mvit.m^iTam(r>Mm'^1ty:^WR (F-S 
nOt. lOQ/sq, Jllffi^Si) 

(0. 5M) t^^M (O. 0 4M) Sr^tfaL^U-V;^/ 

8 0/2 0) ?rfflV^fc, SfrlEc7)J;^t'b-r»b*tfcfe5R 

«)tS:WM bfci*«o*|®smai:/3«rSl;£ bfc i: i ;53tm 

[00 5 1] ^teM4 

fiffi-g-Jt=2 0/l) ^izmit^^:y^^ (B*T3in 

v'/l'ttaa. P 2 5 , Jpi^iKtS 2 O n m) ^Jg**^) 2wt% 

— JSSr]ifC$ 1 mm<7?;{f7;^SS±tc:M;f|j b. MJC, m.^ 
m±iZ^^S umX2 O O iy'>^(OmS^Aumm^ 
<73-ar. ^^J^SrlfcJEibycf^. 5 O ot;T-3 0:9-Frg3g^45 

mt^^>'mi::ff'^:!^mmtmz^ [Ru(4.4' -v?;«7/U 
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^mmm'picmmi^. 8o'c-C'Sos^fT<'^'S;iS6>6^® 

[00 5 2] tirfEroJ: p{c:bT#fc^g;KAu®^Sr# 

ytmm^m^%:m^Lf:i, /its. mmmmmnms 
u mm^m:^-ft¥^^i^fm t ^tiDMmm t m±$t t 

m\^t:Lm^ lmm<D^mi^y^7:^&iS. (F-SnO,, 

lOQ/sq. m.m'f-M) srffli^fco mmn^mtvx lo 

7" h77'ntfyUTV-t=!>A3— ^^'xC K (O, 46 
M) i;3^j7^ (0. 6M) Sr^tf-a^^w:^:*— K 

tT±h~\-'j^i^t(r)m^m (^»!m-&H:=8 0/2 

0) Srfflv^fc. Strfa(7>J;5tc:LT»bixfcfe^ii®ffl;?& 

146. 8%-C:fcoyc:, 
loo 5 31 JttJf^aii 

^m&\±M^-^i^7i<.tT±^j\^T± h>t(Dmi-tm 20 

fiil-^ifc= 2 0/1) fpizm^tf-'ft^m.^ (0:^r:tn 
v?>'^^fcS^. P 2 5 . 2 O n m) lwt% 

-^Srff l|mraC0^«tt:^7^«« (^laSS^Sa. F- 
SnO,, lOQ/sq) Jilr^^L. . ^^U. 
nfcei««)Si5 0 0'CT?3 0:J^M. ^^1^-C«!^b. s 

[Ru(4.4' — ^*yi^3j^dri^/t-2, 2' -ITlf y -(NCS) 

[0 0 5 4] msi(oxoKi,xmtL^m^mmt^(DM 
wmt^w»«mmicmfiA^-^x^m^^m^i:m^v 

it^ :i<0^, MmMtVXi-i:, 2 0 nm<^)P t Srfig^ 
-5,^3-^^ K (O. 5M) ta!?^ (0. 0 4M) 
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(Sfi!l-&«:=8 0/2 0) ^ffli/^fc, Stftacoiplc: 
0 W/m' «0fig|g<D*^fi8#t Ufc^<^*:®m?atti;^§rffl 
[0 0 5 5 J 

<^MmnM<ommjiiift-vx^^mi&^^m-t^mtmmx 

[0B<ofBf¥*BiWl 

[El 1 J *^W036m3Eift^^=-<o-Mw«{®»fffiET-4> 

[03] mi\z9f:^ixtz^m&ikm^-x^^m^hi>Mm 
[041 njfe^j 1 xi^m$ntc:^mm<Dytm^mm^(o 
[05] 2 T-f^M $ tifc*^?^ 

[061 HiSM 3 T'f^Si $ tvfc;*:^iq W3t«^^m^w 
0T-feS„ 

2 mm&m 

3 

4 *fL«fl;«*i 

5 mrnxm 

7 

8 

9 P tJK 



[01] 



[02] 




[0 71 
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(72)«8q* mm Bg- 

• F^ — 5F051 AA14 CB27 CB30 FA03 FA04 
FA06 FA14 GA03 GA05 
I 5H032 AA06 AS16 CC13 EEOl EE07 
EE16 EE18 
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